Object. The use of minimally invasive surgical techniques, including microscope-assisted tubular lumbar microdiscectomy (tLMD), has gained increasing popularity in treating lumbar disc herniations (LDHs). This particular procedure has been shown to be both cost-efficient and effective, resulting in outcomes comparable to those of open surgical procedures. Lumbar disc herniation recurrence necessitating reoperation, however, remains an issue following spinal surgery, with an overall reported incidence of approximately 3-13%. The authors' aim in the present study was to report their experience using tLMD for single-level LDH, hoping to provide further insight into the rate of surgical recurrence and to identify potential risk factors leading to this complication.
S imilar to other surgical domains, minimally invasive techniques have become increasingly popular with both spine surgeons and patients undergoing surgery for LDH. Among them, lumbar microdiscectomy with tubular retractors and the endoscope was first introduced in 1997 and later adapted to incorporate the operative microscope. 11, 20 Although the learning curve is arguably steeper with minimally invasive spinal surgery, 22, 30 these techniques allow for enhanced visualization through a small skin incision, and they cause minimal disruption to the posterior muscles. As a result, patients spend less time in the hospital and are able to mobilize quicker, ultiResults and risk factors for recurrence following single-level tubular lumbar microdiscectomy Clinical article mately leading to high patient satisfaction and significant cost savings. 1, 14, 20 The surgical success in treating the underlying disease with microscope-assisted tLMD, as well as its associated complications, has been shown to be comparable to standard open microdiscectomy. 14, 20, 22 In addition to our previous report, 22 only one study to date has assessed the recurrence rate of LDH following tLMD. 20 In the present study we retrospectively reviewed our experience to provide further insight into the rate of LDH recurrence following tLMD. Moreover, we sought to identify specific risk factors associated with recurrence and to determine whether such factors differ from those of open discectomy.
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Methods
Patient Population
A consecutive cohort of 217 patients with single-level LDH who underwent tLMD that entailed using the tubular retractor system (METRx System, Medtronic Sofamor Danek, or Insight System, Synthes) between 2004 and 2008 were initially included in this retrospective study. Patients were treated by 2 surgeons (J.B., R.H.), who used the same surgical technique at the same institution for the entire study period.
Surgical Technique
The microscopic tubular approach used was a modification of what has been described previously. 11, 13, 16, 17 Briefly, patients were placed prone on a Wilson frame on a Jackson table. The operative level was identified using fluoroscopy. A small skin incision was made approximately 0.5 mm-1 cm lateral to the midline on the side of disc disease. A tubular retractor was placed over serial dilators and fixed in place with a table-mounted arm. Fourteen-, 16-, 18-, or 22-mm-diameter tubular retractors were used for these operations. After the correct level was reconfirmed fluoroscopically, an operating microscope (Carl Zeiss, Inc.) was brought in and a laminotomy was performed using a 3-mm fluted curved matchstick bur (Anspach). Unless an isolated large sequestered disc fragment was noted, a small annulotomy was always made to assist with disc excision. Minimal curettage was then followed with a pituitary rongeur to extract whatever herniated disc material presented itself while preserving the greater part of the interspace architecture. If a CSF leak was observed, it was covered with local fat and/or DuraSeal (Confluent Surgical, Inc.). At the conclusion of the procedure, the operative field was irrigated with antibiotic solution, the tubular retractor was removed, and the lumbosacral fascia and skin were closed in a watertight fashion. Depending on surgeon preference, this same operative technique or a standard open discectomy was used for the reoperation in cases of recurrent LDH.
Instructions for the postoperative period included standard recommendations to avoid heavy lifting, bending, and twisting in the first weeks after surgery. As tolerated, a physical therapy program was initiated as early as 2 weeks postoperatively with the goal to increase core strength.
Patient Evaluation
We performed a detailed retrospective review of the medical records for all patients in our cohort, with special attention to postoperative radiographic studies and clinic follow-up notes for the documentation of signs and symptoms of recurrence, as well as any subsequent operative reports of procedures. An LDH recurrence was defined by the 1) return of preoperative signs and symptoms after an interval of postoperative resolution of these symptoms, 2) postoperative radiographic demonstration of ipsilateral disc herniation at the same level (Fig. 1) , and 3) confirmation of pathological disc material at reoperation. This definition was derived to capture all recurrences in accordance with what has previously been described as a "true" reherniation. If a follow-up clinic examination was not documented within the preceding 3 months for any particular patient irrespective of the date of the initial surgery, we attempted to contact the patient via telephone to assess whether an LDH had recurred. Specifically, we asked whether the patient had 1) experienced recurrent symptoms, 2) undergone postoperative MR imaging at another institution that demonstrated evidence of recurrence, 3) undergone any subsequent lumbar surgery (including a fusion procedure) for recurrence at another hospital, or 4) been diagnosed with a recurrent LDH and managed conservatively.
The medical records for all patients for whom we were able to appropriately determine recurrence status were also evaluated for a host of demographic features including age, sex, disc level, and BMI. In addition, the patients with recurrent disease were also assessed for the presence of comorbid conditions that could potentially interfere with postoperative healing (for instance, steroid use) and/or possibly predispose to recurrence based on evidence reported in the open discectomy literature (for instance, trauma, tobacco use, or diabetes). Available preoperative imaging studies, taken both before the initial surgery and reoperation, were reviewed and analyzed for signs of degenerative changes at or adjacent to the operative level.
Statistical Analysis
Included in the analysis were data obtained only in those patients who could be adequately evaluated for LDH recurrence by our proposed guidelines (that is, either documented by medical record or telephone conversation). Patients who did not suffer recurrence following tLMD for single-level LDH were evaluated for the aforementioned variables. These findings, when available, were used for comparison with those of the recurrent group in an effort to elicit potential risk factors associated with recurrence. Using SAS version 9.1 software, Student t-tests were performed for continuous variables, whereas chisquare analyses and Fisher exact tests (contingency table analyses) were used for categorical variables depending on sample size. The nonparametric Kruskal-Wallis test was used to compare all median lengths of follow-up as stratified by BMI category.
Results
Of the initial 217-patient cohort, 88.4% of patients had more than 1 year of postoperative time since their tLMD; 38.2% had more than 3 years of postoperative time. Among these patients, we were able to definitively assess recurrence status by medical record documentation or telephone conversation in 147 patients. Of this group of patients, we identified 14 patients who suffered LDH recurrence following tLMD. An additional patient underwent reoperation for "recurrent" LDH 1 week after her initial surgery, but her case was excluded from the analysis because she did not have a postoperative period of symptom-free relief, and thus, her case did not fulfill the study criteria. There were no cases of second LDH recurrence. The majority of patients were male (64.3%) and the most common disc space involved was L5-S1 (Table  1) . While all had returned to their preoperative level of functioning and activity, no patients reported a traumatic event precipitating their LDH recurrence. The median follow-up among patients with a recurrent LDH was 19.1 months (range 8.3-49.4 months) and the median dura- (Table 2 ). Likewise, diameter of the tubular retractor and whether an anular incision was made during the initial surgery did not differ between patients with and without LDH recurrence (Table 2) . Finally, we found that the recurrence rates were not significantly different (p = 0.69) between the 2 surgeons (J.B. and R.H.) at our institution, thus eliminating operator bias.
Ad hoc analyses of BMI revealed that no patients with recurrent LDH were classified as being obese (that is, with BMI > 30) (Table 3) , whereas 34.8% of those patients who did not experience an LDH recurrence were in fact obese. Follow-up duration was not significantly different between categories of BMI (p = 0.42), such that patients with lower BMIs were followed for a similar duration as those with higher BMIs (Table 3 ).
Discussion
Recurrent LDH following spinal surgery remains an issue and can be a major source of morbidity, especially when it necessitates reoperation. 24, 25 Until now, our understanding about recurrence following tLMD for single-level LDH has been limited. As part of an overall outcome assessment of tubular spinal decompression surgery for lumbar discectomy, Palmer 20 prospectively evaluated 135 patients. Of the 129 patients in whom data could be obtained, 4 patients (3.1%) required reoperation specifically for recurrent LDH. All of the patients had recurrent LDH at the same level that was initially treated, with half of the recurrent discs occurring on the contralateral side. No risk factors were identified. In another study investigating the technique and results of their experience with tLMD for far-lateral LDH in 38 patients, Kogias et al. 14 reported that 1 patient required reoperation. However, they cited insufficient removal of the herniated disc material as the issue, and the patient was taken back to surgery just 3 days after the initial surgery. There was no mention of any of the other patients experiencing LDH recurrence.
Our series is the largest reported to date to estimate the risk of recurrence for single-level lumbar microdiscectomy when using the tubular retractor system. We found that LDH recurrence following tLMD occurred in 9.5% of our patients. No patients experienced a second recurrence. Of note, this incidence falls within the reported 3-13% of patients who experience recurrent LDH following open discectomy. Our recurrence rate, however, may actually be a higher estimate than what it actually is as we included all patients who required reoperation, including 2 patients who underwent surgery 1.5 and 2 weeks after the initial surgery. While it could be argued that these patients may have had residual disc rather than reherniation of the disc material, we chose to include them in our analysis because we did not want to exclude any cases in which herniation could have possibly recurred. In addition, we defined recurrence according to the previously reported definition as a true reherniation (that is, recurrence at the same level and ipsilateral side), which typically occurs earlier in the postoperative period. Although it is undeniably difficult to make comparisons with the literature given the differences in surgical techniques (for instance, the extent of disc resection) and definitions of reherniation used, our findings nonetheless support the assertion that tLMD results in favorable outcomes in patients with LDH. The use of tubular retractor systems, in our experience, is associated with a comparable recurrence rate to that of open surgery.
Risk Factors for LDH Recurrence
Risk factors for LDH recurrence have been previously identified in patients who have undergone open discectomy. Factors inherent to the patient include young age, male sex, smoking, and a history of trauma. 7, 24 Interestingly, true reherniations (that is, lesions that recur at the same level and ipsilateral side) developing within 4-6 weeks after surgery are thought to be traumatic in nature, whereas spontaneous reherniations more typically occur several months after the initial surgery. 29 In addition to overall worse outcomes and prolonged hospitalizations, diabetic patients have also been found to have a * Only the available data on the total number of patients who were able to be definitively assessed for recurrence status (medical chart review or telephone interview) were included in the comparative analysis.
much higher incidence of LDH recurrence, estimated to be 28% in one comparison study. 18 In an analysis of the actual disc material, it was found that the proteoglycans in diabetic patients' discs have a lower buoyant density than those of nondiabetic patients, possibly leading to an increased susceptibility of disc prolapse in the former population. 18, 23, 25 None of these variables, however, was prevalent among patients with LDH recurrence following tLMD in the present study (Table 1) .
Although controversial due to conflicting evidence in the open discectomy literature, LDH morphology and the surgical procedure itself may also serve as risk factors for recurrence. 6, 25, 27, 28 While some authors have found that the highest rates of recurrence following open, but limited, discectomy occurred in patients with large anular defects and free disc fragments, 6 others have demonstrated a comparatively lower rate of recurrence in patients who underwent more aggressive open discectomy. 28 In an evidence-based review of the literature, Watters and McGirt 27 concluded that conservative discectomy (that is, minimal disc removal) may have significant advantages including shorter operative time and quicker return to work, but it is also associated with an increased incidence of recurrent disc herniation. However, this review was published prior to the more recent randomized prospective 2-year outcome study comparing microdiscectomy and sequestrectomy in 84 patients with LDH, in which no significant difference was found between rates of reherniation (10.5 and 12.5%, respectively). 4, 5 Our findings would also suggest that surgical technique may not be an important factor in determining recurrence rates (Table 2) .
Likewise, some authors have proposed that the anular incision performed during the initial surgery may render the disc more susceptible to subsequent prolapse, which can be exacerbated by heavy lifting and mechanical overload. 7, 24 Annulotomy was performed in all of our cases unless a large free fragment of disc material was visualized and thought to be the sole contributor to nerve root compression. In our analysis, annulotomy was not a significant risk factor for recurrent LDH following minimally invasive surgery for LDH (Table 2) .
We did, however, find BMI to be a significant risk factor for LDH recurrence, such that nonobese patients with relatively lower BMIs, on average, were more likely to have a recurrence (Table 2) . Interestingly, while approximately one-third of our patients were classified as obese, none suffered an LDH recurrence. Although it has been suggested that obese patients, in particular, may be good candidates for minimally invasive spinal surgery given the smaller incisions and minimized tissue retraction, 14, 26 this is the first study to suggest that this patient population may also be at a relatively lower risk for LDH recurrence. No patients in our study reported a traumatic event precipitating their recurrence.
Based on the retrospective nature of our review, however, we cannot explain why patients with lower BMI might be at a relatively higher risk for recurrence than obese patients. The follow-up time for patients with higher BMIs was not significantly different from that of patients with lower BMIs; thus, our results cannot be explained by the notion that the overall population is simply getting larger as time goes by (that is, patients with higher BMIs might have more uncaptured recurrences because of shorter follow-up). It is also unclear whether our statistically significant BMI finding is also clinically significant. Although the probability value reached significance, the actual mean BMI values (24.9 and 28.3 for patients with and without recurrence, respectively) are relatively close. Although the mean of 28.3 is clearly within the overweight category, the mean of 24.9 is certainly closer to being classified as overweight (25-29.9 ) than normal (18.5-25) . However, for any 2 patients of the same height, the difference between a BMI of 25 and 28 translates into a difference of 15-25 pounds depending on that height, which might actually be clinically relevant. Thus, whether and how these BMI findings are indeed clinically significant remains to be determined and will likely only be answered by what other spine surgeons observe in their individual practices, as well as from future prospective studies.
Treatment of Lumbar Disc Herniation Recurrence
Historically, surgeons have opted for open discectomy as the standard reoperative approach given the challenges posed by fibrous scar tissue, as well as the increased morbidity associated with revision surgery. 15, 24 In the current study, tLMD was used as the surgical intervention of choice in approximately half of the reoperations based on surgeon's preference and was found to be successful and equivalent to open discectomy. No second recurrences were encountered irrespective of surgical technique used. It has been suggested that outcome following revision lumbar surgery is dependent on the preservation of the posterior elements, and thus minimally invasive procedures may be preferable for treating recurrent LDH. 2 Le and colleagues 15 concluded that microendoscopic discectomy is a safe and effective alternative for operating on recurrent LDH. They studied 10 consecutive patients who had recurrent LDH following surgery, with the majority having undergone open discectomy initially, and found that the mean operative time, blood loss, and length of hospital stay were comparable to those of primary microendoscopic discectomy. Over a mean follow-up period of 18 months, 90% of these patients experienced radicular pain relief following reoperation with microendoscopic discectomy. 15 Interestingly, the authors observed that microendoscopic discectomy was particularly effective, and perhaps preferable, in morbidly obese patients with recurrent LDH.
Limitations
The current study has several limitations. First, the retrospective nature of data collection restricts our analysis for intraoperative findings beyond the operative report. Thus, we were unable to accurately quantify or qualify the disc material removed following annulotomy, and we cannot make further comparisons based on the extent of discectomy. The Carragee system classifies disc herniations according to operative findings, such as the presence of extruded fragments along with anular integrity, and has been shown to be predictive of outcome, including recurrence, after open discectomy. 6, 28 It would therefore be of interest to prospectively assess whether LDH morphology, as stratified by the Carragee system, and extent of discectomy, are associated with recurrence following tLMD. 6, 7, 24, 28 Second, our analysis and comparison of potentially contributing factors were also limited by the retrospective data that were available and by the patients we were able to contact via telephone. However, our final sample sizes, overall, are large enough to be representative of the entire cohort and to detect a meaningful statistical difference. Finally, although our entire study duration spans 4 years with close to 90% of the initial cohort having a follow-up time greater than 1 year, the duration of individual follow-up is somewhat limited in a relatively small proportion of patients (4.6%) who have been followed for less than 1 year since surgery. It is therefore possible that we have failed to capture all recurrences in this cohort as those patients may still be at risk for recurrence. However, our mean time to recurrence was relatively short, suggesting that we captured the true reherniations, which typically recur within a few months after surgery.
Conclusions
We performed 217 consecutive single-level tLMDs and found definitive recurrences in 14 of the 147 patients from whom we were definitively able to obtain recurrence status either by medical chart review or telephone interview. This translates into a recurrence rate of 9.5%. The BMI was found to be a significant risk factor for recurrence such that nonobese patients are more likely to experience recurrence. Prospective studies are needed to better assess why this particular patient population is more susceptible to LDH recurrence following minimally invasive surgery.
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